The surface of intestine in adult humans, which spans an area of approximately 200-400 m 2 as big as the area of tennis court [1] , provides the first physiological defense against intestinal luminal contents, including a huge variety of microorganisms and food antigens [2] . The intraepithelial lymphocytes (IELs), which reside within the epithelium, contribute to restoring the integrity of the epithelial barrier to maintain the initial host defense against enteric microorganisms. In contrast, IELs can also damage epithelial cells and induce inflammatory responses through their cytotoxic activity and production of inflammatory cytokines such as IFN-c [3, 4] . IELs are characterized by extremely heterogeneous T cell populations, which are classified into ''induced IELs'', which develop through thymic selection and increase with age, and ''natural IELs'', which contain at least two unique T cell subsets that recognize self-antigens and non-peptide antigens [3, 4] . One subset in natural IELs expresses CD8aa homodimers and develops through ''alternative positive selection''. Another subset, which expresses T cell receptor (TCR) cd, develops extrathymically, presents at birth, and decreases with age. However, the origin, development pathways, and functions of natural IELs have been under long-standing debates [3, 4] .
To fully understand the complicated differentiation pathway of IELs and their functional networks with epithelial cells, in vitro co-culture systems of IELs with cancer cell lines have been established [5] . However, the physiological relevance of using cancer cell lines is questionable due to their already altered-function through the carcinogenetic process [6] . Alternatively, the nature of non-transformed epithelial cells that rapidly enter into programmed cell death, a phenomenon known as ''anoikis'' [7] , has hampered investigators to utilize the freshly isolated intestinal epithelial cells in a physiological setting for a long-term co-culture with IELs. In this issue of Journal of Gastroenterology, Nozaki et al. introduce an organoid-based in vitro co-culture system with murine IELs to overcome the fundamental problems [8] . This novel co-culture system employs three-dimensional organoids in Matrigel composed of stem cell-derived crypt-villus structures without mesenchymal niche [9] . One of the advantages with this system is the prevention of anoikis. Importantly, there are different types of epithelial cells such as Paneth cells and Goblet cells in a crypt, which play distinct functions through the production of different factors such as cytokines. Therefore, the co-existence of different types of epithelial cells is necessary to allow an in vitro system to more closely reflect in vivo phenomena played by epithelial cells. In this regard, the organoid-based co-culture system that contains stem cell-derived different types of epithelial cells has a great advantage. Indeed, the advantage has allowed the authors to clearly demonstrate that small intestinal epithelial cells from mice can sufficiently support the expansion and survival of TCRcd ? IELs as well as TCRab ? IELs in both contact-dependent and -independent manners [8] .
By employing a single-plane time-lapse imaging system, the authors then reveal that IELs are highly motile. IELs are found to migrate into, and then come out from, the organoids [8] . This finding is certainly of interest because it challenges current concepts that TCRcd ? IELs do not recirculate and that intestinal epithelial space provides the & Atsushi Mizoguchi mizoguchi_atsushi@med.kurume-u.ac.jp final destination of T cells [3, 4] . In addition, the authors demonstrate another novel finding that, during the movement, IELs can continuously change their cellular shapes [8] . As compared to the in vivo system, the organoid-based in vitro co-culture system therefore may provide a more useful tool to closely examine the interaction of epithelial cells and IELs at a cellular level. Small intestine contains at least ten times more IELs than the large intestine, which is continuously exposed to many more microorganisms [10] . One can therefore predict that some local factors such as epithelial cells, which exhibit functional and physiological differences between small and large intestines, may contribute for the determination of IEL development and expansion, but this issue still remains to be resolved. In addition, a recent report proposes that a subset of IELs may originate from Foxp3 ? regulatory T cells (Treg) [11] . The organoid-based in vitro co-culture system in which organoids can be generated from small versus large intestinal epithelial cells and variety of T cell subsets can be used would be a useful tool to study the scientific topics in IEL biology.
It is becoming increasingly apparent that enteric microorganisms are involved in the pathogenesis of wide variety of inflammatory conditions ranging from local immune-mediated diseases such as inflammatory bowel disease to neurological disorders such as autism [12, 13] . The initial defense system maintained by the co-operation of IELs and epithelial cells plays a significant role in the regulation of host/microbial interactions, and IELs have been proposed to positively or negatively control the pathogenesis of not only intestinal disorders but also neurological disorders such as autoimmune encephalomyelitis [14, 15] . Therefore, further extension of the organoid-based in vitro co-culture system in mice to humans would be a significant undertaking to provide an important rationale for developing novel preventive and therapeutic strategies for these disorders.
